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(54) Emission control method and apparatus of an internal combustion engine 


(57) A method an apparatus control an emission of 
an internal combustion engine. The emission control of 
the internal combustion engine (1 0) has a three-way cat- 
alyst (20) and a NOx storage-reduction catalyst (22) in 
an exhaust passage. The emission control reduces NOx 
stored in the catalyst to recover its NOx storing capabil- 
ity by performing a rich spike control during a lean burn 
operation. The emission control apparatus has an elec- 
tronic control unit (40) that limits the execution time of 


the rich spike control and, after the elapse of the limited 
execution time, performs a stoichiometric burn opera- 
tion. The emission control prevents prolongation of the 
rich spike control and thereby prevents deterioration of 
HC and CO emissions. By performing the stoichiometric 
burn operation after the elapse of the limited time of the 
rich spike control, the emission control apparatus recov- 
ers the NOx storing capability while avoiding deteriora- 
tion of HC and CO emissions. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of Invention 5 

[0001] The present invention relates to an emission 
control method and apparatus of an internal combustion 
engine that controls emissions via a NOx storage device 
provided in an exhaust passage of the engine. 10 

2. Description of Related Art 

[0002] Direct injection type internal combustion en- 
gines are conventionally known in which the combustion 15 
mode is changed between a lean burn mode in which 
the engine air-fuel ratio is set to a fuel-lean side of the 
stoichiometric air-fuel ratio and a stoichiometric burn 
mode in which the engine air-fuel ratio is set to the sto- 
ichiometric air-fuel ratio. For example, according to an 20 
art disclosed in Japanese Patent Application Laid-Open 
No. 7-139340, NOx produced during a lean burn oper- 
ation of an internal combustion engine is absorbed and 
stored into a NOx storage-reduction catalyst and, when 
the amount of NOx stored in the NOx storage-reduction 25 
catalyst reaches or exceeds an allowable value, a rich 
spike control of temporarily setting the engine air-fuel 
ratio to a fuel-rich ratio is performed. Due to the rich 
spike control, NOx stored in the NOx storage-reduction 
catalyst is reduced, so that NOx emission deterioration 30 
is prevented. 

[0003] However, the aforementioned art becomes un- 
able to efficiently reduce NOx by the rich spike control 
when the amount of exhaust gas becomes great and, 
therefore, the amount of exhaust gas flowing through 35 
the NOx storage-reduction catalyst also becomes great, 
for example, during high-speed engine operation or the 
like. If in this situation, a sufficient recovery of the NOx 
storing capability of the NOx storage-reduction catalyst 
is attempted, the rich spike control is performed for a *o 
long time, resulting in deteriorated HC and CO emis- 
sions. 

[0004] To avoid this problem, it is conceivable to limit 
the execution time of the rich spike control (rich spike 
duration Tr) as indicated in Fig. 4. However, limitation of 45 
the rich spike duration Tr results in insufficient recovery 
of the NOx storing capability of the NOx storage-reduc- 
tion catalyst, that is, a state in which the amount of NOx 
stored in the NOx storage-reduction catalyst is not "0", 
when the lean burn operation is resumed. As a result, 50 
the amount of NOx that passes through the NOx stor- 
age-reduction catalyst during the lean burn operation in- 
creases, thus giving rise to a problem of NOx emission 
deterioration. 

55 

SUMMARY OF THE INVENTION 

[0005] It is an object of the invention to provide an in- 


ternal combustion engine emission control method and 
apparatus capable of curbing deterioration of NOx emis- 
sion while avoiding deterioration of HC and CO emis- 
sions even when the amount of exhaust gas becomes 
great, for example, during a high-speed engine opera- 
tion or the like. 

[0006] An emission control method and apparatus of 
an internal combustion engine in accordance with a first 
aspect of the invention includes a storage device (or 
NOx storage-reduction catalyst) provided in an exhaust 
passage of the internal combustion engine that stores 
a threshold level of NOx, and reduces NOx stored in the 
storage device to recover a NOx storing level of the stor- 
age device by performing a rich spike control of tempo- 
rarily shifting an engine air-fuel ratio to a fuel-rich ratio 
during a lean burn operation of the internal combustion 
engine. The emission control method and apparatus 
limits an execution time of the rich spike control, and 
performs a stoichiometric burn operation in which the 
engine air-fuel ratio is stoichiometric, after the limited 
execution time elapses. 

[0007] In accordance with the aforementioned as- 
pect, limitation of the execution time of the rich spike 
control prevents deterioration of emissions of hydrocar- 
bons (HC) and CO (carbon monoxide) caused by pro- 
longed rich spike control. Furthermore, since the stoi- 
chiometric burn operation is performed after the elapse 
of the limited execution time of the rich spike control, it 
is possible to recover the NOx storing level of the stor- 
age device while avoiding deterioration of HC and CO 
emissions owing to the emission control effect of the 
storage device during the stoichiometric burn operation. 
The recovery is, in other words, reduction of NOx re- 
maining in the storage device at the end of the rich spike 
control accomplished by reducers contained in exhaust 
gas during the stoichiometric burn operation, such as 
HC, CO, etc. Therefore, it becomes possible to curb de- 
terioration of NOx emission while avoiding deterioration 
of HC and CO emissions even when the amount of ex- 
haust gas becomes great, for example, during a high- 
speed engine operation or the like. 
[0008] In the aforementioned aspect, the exhaust 
passage may be provided with a three-way catalyst. 
[0009] Therefore, since the exhaust passage is pro- 
vided with the three-way catalyst and the storage de- 
vice, the emission control effect of the three-way cata- 
lyst is added to the emission control effect of the storage 
device during the stoichiometric burn operation. Due to 
the emission control effects of the two catalysts, deteri- 
oration of HC and CO emissions can be more efficiently 
prevented. Hence, the NOx storing level can be recov- 
ered while deterioration of HC and CO emissions is 
more effectively avoided. 

[001 0] In the aforementioned aspect, the control may 
switch to the stoichiometric burn operation when the lim- 
ited execution time of the rich spike control elapses with- 
out the NOx storing level having been recovered. 
[001 1 ] Therefore, the amount of NOx remaining in the 
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storage device at the end of the rich spike control can 
be reduced during the stoichiometric burn operation 
while deterioration of the HC and CO emissions is avoid- 
ed, owing to the emission control effect of the storage 
device or the emission control effects of the storage de- 
vice and the three-way catalyst during the stoichiometric 
burn operation. Hence, the NOx storing level of the stor- 
age device can be sufficiently recovered before the lean 
burn operation is resumed. 

[0012] In the aforementioned aspect, the control may 
switch from the stoichiometric burn operation to the lean 
burn operation after the NOx storing level is recovered. 
[0013] Therefore, when the operation is switched 
from the stoichiometric burn operation to the lean burn 
operation, the NOx storing level has been recovered. 
Therefore, deterioration of NOx emission can be further 
curbed. Furthermore, the time before the next execution 
of the rich spike control, that is, the interval of execution 
of the rich spike control, can be increased in comparison 
with the conventional art, and deterioration of HC and 
CO emissions can be correspondingly curbed. 
[0014] In the aforementioned aspect, the control may 
perform the stoichiometric burn operation for a pre-set 
period of time, and may switch to the lean burn operation 
after performing the stoichiometric burn operation. 
[0015] Therefore, by performing the stoichiometric 
burn operation for a pre-set period of time, for example, 
a time that is sufficient for the stoichiometric burn oper- 
ation to recover the NOx storing level, the NOx storing 
level can be recovered before the operation is switched 
to the lean burn operation. Hence, deterioration of NOx 
emission can be further curbed, and the interval of ex- 
ecution of the rich spike control can be increased from 
the conventional interval, so that, correspondingly, de- 
terioration of HC and CO emissions can be further 
curbed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The foregoing and further objects, features 
and advantages of the present invention will become ap- 
parent from the following description of preferred em- 
bodiments with reference to the accompanying draw- 
ings, wherein like numerals are used to represent like 
elements and wherein: 

Fig. 1 is a schematic diagram illustrating a construc- 
tion of an emission control apparatus of a vehicle- 
installed internal combustion engine in accordance 
with an embodiment of the invention; 
Fig. 2 is a flowchart illustrating a procedure of a NOx 
storing capability recovering process in accordance 
with the embodiment of the invention; 
Fig. 3 is a timing chart illustrating operations of the 
embodiment of the invention; and 
Fig. 4 is a timing chart illustrating operations of a 
conventional art. 


DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] A preferred embodiment of the invention will 

5 be described hereinafter with reference to Figs. 1 to 3. 
[0018] Fig. 1 schematically illustrates a construction 
of an emission control apparatus in accordance with the 
embodiment and a construction of an engine 1 0 to which 
the emission control method and apparatus is applied. 

10 [0019] As shown in Fig. 1 , the engine 10 installed in 
a vehicle (V) has an injector 1 4 for directly injecting fuel 
into a combustion chamber 12, and an ignition plug 16 
for igniting fuel injected from the injector 14. In the en- 
gine 10 of this embodiment, the form of combustion is 

15 changed among stratified charge burn (lean burn), sto- 
ichiometric burn, and rich burn by changing the fuel in- 
jection mode of the injector 14. 
[0020] For example, for the stratified charge burn, the 
fuel injection timing is set to a later period in the com- 

20 pression stroke. At the time of ignition, therefore, only a 
mixture near the ignition plug 1 6 is in a partially ignitable 
fuel-rich state. An average engine air-fuel ratio (A/F) of 
the air-fuel mixture is set to a ratio on the fuel-lean side 
(e.g., A/F = 25 to 50) of the stoichiometric air-fuel ratio 

25 (A/F = 14.5). For the stoichiometric burn, the fuel injec- 
tion timing is set to a timing in the intake stroke. There- 
fore, the engine air-fuel ratio (hereinafter, simply re- 
ferred to as "air-fuel ratio") in the combustion chamber 
1 2 at the time of ignition becomes substantially uniform. 

30 The air-fuel ratio is set in the proximity of the stoichio- 
metric air-fuel ratio. 

[0021 ] The changing of combustion form between the 
stratified charge burn and the stoichiometric burn is per- 
formed based on a state of operation of the engine 10, 
35 such as the engine load, the engine revolution speed, 
etc. The combustion form is set to the stratified charge 
burn in a low-load and low-speed region, and is set to 
the stoichiometric burn in a high-load and high-speed 
region. 

40 [0022] For the rich burn, the fuel injection timing is set 
to a timing in the intake stroke, as in the case of the 
stoichiometric burn. However, the amount of fuel inject- 
ed is increased from the level set during the stoichio- 
metric burn. Therefore, the air-fuel ratio is set to a ratio 

15 on the fuel-rich side (A/F = 1 1 to 1 3) of the stoichiometric 
air-fuel ratio. 

[0023] An exhaust passage 1 8 connected to the com- 
bustion chamber 12 is provided with a three-way cata- 
lyst 20, and a NOx storage-reduction catalyst 22 dis- 

50 posed downstream of the three-way catalyst 20. The 
three-way catalyst 20 and the NOx storage-reduction 
catalyst 22 combined substantially remove HC (hydro- 
carbon), CO (carbon monoxide), and NOx (oxides of ni- 
trogen) from exhaust gas. 

55 [0024] That is, on the three-way catalyst 20, HC, CO 
and NOx are simultaneously removed from exhaust gas 
by oxidation-reduction reactions. The NOx storage-re- 
duction catalyst 22 temporarily absorbs and stores NOx 
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from exhaust gas discharged during the stratified 
charge burn. During the rich burn or the stoichiometric 
burn, the NOx storage-reduction catalyst causes stored 
NOx to be reduced by HC, CO and the like in exhaust 
gas serving as reducers. 

[0025] The vehicle (V) has a revolution speed sensor 
31 for detecting the engine revolution speed, an accel- 
erator sensor 32 for detecting the amount of depression 
of an accelerator pedal (not shown), and a vehicle speed 
sensor 33 for detecting the travel speed of the vehicle 
(V) (vehicle speed SPD). Detection signals from the 
sensors 31 to 33 are inputted to an electronic control 
unit 40 that performs various controls of the engine 10. 
[0026] The electronic control unit 40 performs various 
controls, including a fuel injection control and the like, 
based on the state of operation of the engine 1 0 and the 
state of running of the vehicle detected by the sensors 
31 to 33 and the like. The electronic control unit 40 has 
a memory 41 that stores programs and arithmetic oper- 
ation maps for execution of various controls, and that 
stores various data calculated at the time of execution 
of a control. 

[0027] The emission control apparatus of the embod- 
iment having the above-described construction, when it 
is determined during the stratified charge burn operation 
that the NOx storing capability of the NOx storage-re- 
duction catalyst 22 is insufficient, performs a NOx stor- 
ing capability recovering process (rich spike control) of 
recovering the NOx storing capability and, after the re- 
covery, resuming the stratified charge burn operation. 
[0028] The NOx storing capability recovering process 
will be described in detail with reference to Figs. 2 and 3. 
[0029] Fig. 2 is a flowchart illustrating a processing 
procedure of the NOx storing capability recovering proc- 
ess. The series of steps illustrated in the flowchart is 
executed as an interrupt of a predetermined time period 
by the electronic control unit 40. 
[0030] In the NOx storing capability recovering proc- 
ess, the electronic control unit 40 first calculates in step 
S210 the amount of NOx stored in the NOx storage-re- 
duction catalyst 22. The amount of NOx stored is deter- 
mined from a NOx counter value CNOX. During the 
stratified charge burn operation , the amount of NOx con- 
tained in exhaust gas is great, and therefore the NOx 
counter value CNOX is incremented by a predetermined 
value set based on the state of engine operation during 
the stratified charge burn operation. Thus, the NOx 
counter value CNOX during the stratified charge burn 
operation indicates the amount of NOx stored. During 
each of the rich burn operation and the stoichiometric 
burn operation, NOx stored in the NOx storage-reduc- 
tion catalyst 22 is reduced by reducers contained in ex- 
haust gas, such as HC, CO, etc, and therefore the NOx 
counter value CNOX is decremented by a predeter- 
mined value set in accordance with the state of engine 
operation during the rich or stoichiometric burn opera- 
tion. 

[0031 ] After calculating the amount of NOx stored, the 


electronic control unit 40 proceeds to step S220, in 
which the electronic control unit 40 determines whether 
a rich spike control flag XRICHS has been set to an "on" 
status. If the rich spike control flag XRICHS has been 

5 set to the "on" status, the electronic control unit 40 goes 
to step S270, in which the electronic control unit 40 de- 
termines whether the rich spike duration Tr is greater 
than or equal to a predetermined value. 
[0032] Conversely, if the rich spike control flag 

10 XRICHS has not been set to the "on" status (NO at step 
S220), the process proceeds to step S230, in which the 
electronic control unit 40 determines whether the 
amount of NOx stored is greater than or equal to an up- 
per limit value. If the amount of NOx stored is less than 

15 the upper limit value (NO at step S230), the electronic 
control unit 40 temporarily ends the process illustrated 
in Fig. 2. In this case, the NOx storing capability is not 
insufficient, and therefore the stratified charge burn op- 
eration is continued. 

20 [0033] Conversely, if it is determined in step S230 that 
the amount of NOx stored is at least the upper limit value 
(YES at step S230), the process proceeds to step S240, 
in which the electronic control unit 40 sets the rich spike 
control flag XRICHS to the "on" status. Since it has been 

25 determined that NOx storing capability is insufficient, the 
rich spike control flag XRICHS is thus set to perform the 
rich spike control for reducing NOx stored in the NOx 
storage-reduction catalyst 22. 

[0034] After that, the electronic control unit 40 starts 

30 measuring the rich spike duration Tr in step S250. Sub- 
sequently in step S260, the unit 40 starts the rich spike 
control. Thus, the rich burn operation is entered. 
[0035] Subsequently in step S270, the electronic con- 
trol unit 40 determines whether the rich spike duration 

35 Tr is at least a set value. At this moment, the rich spike 
control has just started, and the rich spike duration Tr is 
less than the set value. Therefore, the unit 40 proceeds 
to step S290, in which the unit 40 determines whether 
the amount of NOx stored has become "0". 

40 [0036] If the amount of NOx stored is not "0" (NO at 
step S290), the unit 40 temporarily ends the process il- 
lustrated in Fig. 2. In that case, the NOx storing capa- 
bility of the NOx storage-reduction catalyst 22 has not 
been recovered, and therefore the rich burn operation 

45 is continued. 

[0037] After that, if the electronic control unit 40 de- 
termines in step S220 that the rich spike control flag 
XRICHS has been set to the "on" status (YES at step 
S210), the unit 40 proceeds to step S270. If the unit 40 

50 determines that a predetermined time corresponding to 
the set value has elapsed following the start of the rich 
spike control, that is, the rich spike duration Tr has be- 
come greater than or equal to the set value (YES at step 
S270), the process proceeds to S280. In step S280, the 

55 unit 40 stops the rich spike control and enters the stoi- 
chiometric burn operation. Thus, step S270 limits the ex- 
ecution time of the rich spike control to the aforemen- 
tioned predetermined time. 
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[0038] If the NOx storing capability of the NOx stor- 
age-reduction catalyst 22 is not recovered within the lim- 
ited execution time of the rich spike control, that is, the 
amount of NOx stored has not become "0" (NO at step 
S290), the electronic control unit 40 enters the stoichi- 5 
ometric burn operation from the rich spike control in step 
S280. 

[0039] The amount of NOx reduced by the predeter- 
mined time of execution of the rich spike control starting 
at the time of the amount of NOx stored reaching the 10 
upper limit value (the amount B of NOx reduced by the 
rich spike control) is a value obtained by subtracting the 
NOx counter value CNOX occurring at the elapse of the 
predetermined time from the upper limit value. The NOx 
counter value CNOX at the elapse of the predetermined 15 
time represents the remaining amount C of NOx stored 
in the NOx storage-reduction catalyst 22. 
[0040] After that, if it is determined that, due to con- 
tinued stoichiometric burn operation, the amount A of 
NOx reduced by the stoichiometric burn operation 20 
equals the remaining amount C of NOx stored and 
therefore the amount of NOx stored has become "0" 
(YES at step S290), the process proceeds to step S300, 
in which the electronic control unit 40 sets the rich spike 
control flag XRICHS to an "off" status. That is, since due 25 
to the stoichiometric burn operation, the amount of NOx 
stored has become "0" and the NOx storing capability 
of the NOx storage-reduction catalyst 22 has been suf- 
ficiently recovered, the rich spike control flag XRICHS 
is thus set to end the stoichiometric burn operation. 30 
[0041 ] Subsequently in step S31 0, the electronic con- 
trol unit 40 switches from the stoichiometric burn oper- 
ation to the stratified charge burn operation. 
[0042] The aforementioned operation will be further 
described with reference to the timing chart shown in 35 
Fig. 3. 

[0043] During the stratified charge burn operation, the 
amount of NOx stored reaches the upper limit value (tim- 
ing t1), the rich spike control is started. The rich spike 
control is executed only for the limited rich spike duration 40 
Tr from the timing t1 to t2. Since the execution time of 
the rich spike control is limited to the predetermined time 
Tr, a portion of the amount of NOx stored in the NOx 
storage-reduction catalyst 22 is reduced. 
[0044] If the rich spike duration Tr becomes equal to 45 
the predetermined time corresponding to the set value 
(timing t2) before the rich spike control sufficiently re- 
covers the NOx storing capability, that is, before the 
amount of NOx stored becomes "0", the electronic con- 
trol unit 40 ends the rich spike control and enters the so 
stoichiometric burn operation. During the stoichiometric 
burn operation, the remaining amount C of NOx not re- 
duced during the rich spike control, but remaining in the 
NOx storage-reduction catalyst 22, is completely re- 
duced, that is, when the amount of NOx stored becomes 55 
"0" (timing t3), the unit 40 switches from the stoichiomet- 
ric burn operation to the stratified charge burn operation. 
[0045] After that, when the amount of NOx stored 


reaches the upper limit value (timing t4) during the strat- 
ified charge burn operation, the rich spike control is 
started again. 

[0046] The above-described embodiment achieves 
the following advantages. 

(1 ) Since the execution time of the rich spike control 
(rich spike duration Tr) is limited, the embodiment 
prevents deteriorated emissions of HC (hydrocar- 
bon) and CO (carbon monoxide) caused by pro- 
longed rich spike control. Furthermore, since the 
stoichiometric burn operation is performed after the 
execution time of the rich spike control, good recov- 
ery of the NOx storing capability of the NOx storage- 
reduction catalyst 22 can be achieved while deteri- 
oration of emissions of HC and CO is avoided due 
to the emission control effects of the three-way cat- 
alyst 20 and the NOx storage-reduction catalyst 22 
during the stoichiometric burn operation. That is, 
the amount of NOx remaining in the NOx storage- 
reduction catalyst 22 at the end of the rich spike 
control is reduced by reducers contained in exhaust 
gas during the stoichiometric burn operation, such 
as HC, CO, etc., so that the NOx storing capability 
is sufficiently recovered, while deterioration of HC 
and CO emissions is prevented owing to the emis- 
sion control effects of the catalysts 20, 22. There- 
fore, the embodiment is able to substantially pre- 
vent NOx emission deterioration while avoiding HC 
and CO emission deterioration, even when the 
amount of exhaust gas is great, for example, when 
the engine revolution speed is high. 

(2) The rich spike control is performed when it is 
determined that the NOx storing capability is insuf- 
ficient, that is, when the amount of NOx stored 
reaches or exceeds the upper limit value. There- 
fore, every time the NOx storing capability becomes 
insufficient, the NOx storing capability can be suffi- 
ciently recovered while deterioration of HC and CO 
emissions is avoided. 

(3) In the conventional art illustrated in Fig. 4, the 
stratified charge burn operation is entered before 
the NOx storing capability is sufficiently recovered, 
that is, before the amount of NOx stored becomes 
"0." In contrast, in the embodiment, the NOx storing 
capability has been recovered (the amount of NOx 
stored has become "0") when the form of combus- 
tion is switched from the stoichiometric burn oper- 
ation to the stratified charge burn operation. There- 
fore, deterioration of NOx emission can be further 
curbed, and the interval of execution of the rich 
spike control (the time from t1 to t4) can be made 
longer than the conventional interval of execution 
of the control, so that deterioration of HC and CO 
emissions can be correspondingly curbed. 

(4) Since the three-way catalyst 20 is disposed up- 
stream of the NOx storage-reduction catalyst 22 in 
the exhaust passage 18, the catalyst temperature 
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of the three-way catalyst 20 becomes higher and 
the HC and CO removing capability of the three-way 
catalyst 20 improves. Furthermore, the reduction of 
NOx stored in the NOx storage-reduction catalyst 
22 during the rich spike control can be efficiently $ 
conducted. 

[0047] The above-described embodiment may be 
carried out with modifications as follows. 
[0048] Although in the foregoing embodiment, the 10 
three-way catalyst 20 and the NOx storage-reduction 
catalyst 22 are provided in the exhaust passage 18, it is 
also practicable to adopt a construction in which only 
the NOx storage-reduction catalyst 22 is provided in the 
exhaust passage 18. In this construction, deterioration 15 
of HC and CO emissions can be avoided by the emis- 
sion control effect of the NOx storage-reduction catalyst 
during the stoichiometric burn operation. 
[0049] According to the foregoing embodiment, when 
the amount of NOx stored reaches or exceeds the upper 20 
limit value, it is determined that the NOx storing capa- 
bility is insufficient, and the rich spike control is per- 
formed. However, the threshold for the determination is 
not limited to the aforementioned upper limit value, but 
may also be set to an arbitrary value that is smaller than 25 
the upper limit value. 

[0050] According to the foregoing embodiment, when 
the amount of NOx stored becomes "0", it is determined 
that the NOx storing capability has been recovered. It is 
also practicable to adopt a construction wherein the ex- 
ecution time of the stoichiometric burn operation is pre- 
set to a sufficiently long time for the stoichiometric burn 
operation to recover the NOx storing capability, and 
wherein when the stoichiometric burn operation has 
been performed for the pre-set execution time, it is de- 
termined that the NOx storing capability has been re- 
covered. 

[0051 ] Although in the foregoing embodiment, the sto- 
ichiometric burn operation is performed after the rich 
spike control, it is also practicable to perform the stoi- 
chiometric burn operation before the rich spike control 
of a limited execution time. That is, if it is determined 
that the NOx storing capability of the NOx storage-re- 
duction catalyst 22 is insufficient, the form of combustion 
is switched from the stratified charge burn operation to 
the stoichiometric burn operation. After the stoichiomet- 
ric burn operation is performed for the pre-set time, the 
rich spike control is performed for a limited execution 
time. This construction also curbs deterioration of NOx 
emission while avoiding deterioration of HC and CO 
emissions. 

[0052] In the embodiment, the rich spike control is 
started when it is determined during the stratified charge 
burn operation that the NOx storing capability of the NOx 
storage-reduction catalyst 22 is insufficient. However, it 
is also practical to switch from the stratified charge burn 
operation to the rich spike control at every elapse of a 
pre-set time. 


[0053] I n the embodiment, it is assumed that the emis- 
sion control method and apparatus is applied to the gen- 
erally-termed direct fuel injection type engine 10 in 
which fuel is injected directly into the combustion cham- 
ber 12 from the injector 14. However, the invention is 
also applicable to an intake port fuel injection type en- 
gine in which fuel is injected into an intake port. 
[0054] In the illustrated embodiment, the controller 
(the ECU 40) is implemented as a programmed general 
purpose electronic control unit. It will be appreciated by 
those skilled in the art that the controller can be imple- 
mented using a single special purpose integrated circuit 
(e.g., ASIC) having a main or central processor section 
for overall, system-level control, and separate sections 
dedicated to performing various different specific com- 
putations, functions and other processes under control 
of the central processor section. The controller can be 
a plurality of separate dedicated or programmable inte- 
grated or other electronic circuits or devices (e.g., hard- 
wired electronic or logic circuits such as discrete ele- 
ment circuits, or programmable logic devices such as 
PLDs, PLAs, PALs or the like). The controller can be 
implemented using a suitably programmed general pur- 
pose computer, e.g., a microprocessor, microcontroller 
or other processor device (CPU or MPU), either alone 
or in conjunction with one or more peripheral (e.g., inte- 
grated circuit) data and signal processing devices. In 
general, any device or assembly of devices on which a 
finite state machine capable of implementing the proce- 
dures described herein can be used as the controller. A 
distributed processing architecture can be used for max- 
imum data/signal processing capability and speed. 
[0055] While the invention has been described with 
reference to preferred embodiments thereof, it is to be 
understood that the invention is not limited to the pre- 
ferred embodiments or constructions. To the contrary, 
the invention is intended to cover various modifications 
and equivalent arrangements. In addition, while the var- 
ious elements of the preferred embodiments are shown 
in various combinations and configurations, which are 
exemplary, other combinations and configurations, in- 
cluding more, less or only a single element, are also 
within the spirit and scope of the invention. 
[0056] A method an apparatus control an emission of 
an internal combustion engine. The emission control of 
the internal combustion engine ( 1 0) has a three-way cat- 
alyst (20) and a NOx storage-reduction catalyst (22) in 
an exhaust passage. The emission control reduces NOx 
stored in the catalyst to recover its NOx storing capabil- 
ity by performing a rich spike control during a lean burn 
operation. The emission control apparatus has an elec- 
tronic control unit (40) that limits the execution time of 
the rich spike control and, after the elapse of the limited 
execution time, performs a stoichiometric burn opera- 
tion. The emission control prevents prolongation of the 
rich spike control and thereby prevents deterioration of 
HC and CO emissions. By performing the stoichiometric 
burn operation after the elapse of the limited time of the 
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rich spike control, the emission control apparatus recov- 
ers the NOx storing capability while avoiding deteriora- 
tion of HC and CO emissions. 


Claims 

1. An emission control apparatus of an internal com- 
bustion engine (10) having a storage device (22) 
provided in an exhaust passage (18) of the internal 
combustion engine ( 1 0) that stores a threshold level 
of NOx, and control means (40) that reduce NOx 
stored in the storage device (22) to recover a NOx 
storing level of the storage device (22) by perform- 
ing a rich spike control by temporarily shifting during 
a lean burn operation of the internal combustion en- 
gine (10) an engine air-fuel ratio to a fuel-rich ratio, 

the apparatus is characterized in 

that the control means (40) limit an execution 
time of the rich spike control, and 
perform a stoichiometric burn operation in 
which the engine air-fuel ratio is stoichiometric, 
after the execution time limited by the control 
means (40) elapses. 

2. An emission control apparatus according to claim 
1, characterized in that the control means (40) 
switch to the stoichiometric burn operation when the 
limited execution time of the rich spike control 
elapses without recovering the NOx storing level. 

3. An emission control apparatus according to claim 1 
or 2, characterized in that the control means (40) 
switch from the stoichiometric burn operation to the 
lean burn operation after the NOx storing level is 
recovered. 

4. An emission control apparatus according to any one 
of claims 1 to 3, characterized in that the control 
means (40) perform the stoichiometric burn opera- 
tion for a pre-set period of time, and switch to the 
lean burn operation after performing the stoichio- 
metric burn operation. 

5. An emission control apparatus of an internal com- 
bustion engine (10) having a storage device (22) 
provided in an exhaust passage (1 8) of the internal 
combustion engine (1 0) that stores a threshold level 
of NOx, and control means (40) that reduce NOx 
stored in the storage device (22) to recover a NOx 
storing level of the storage device (22) by perform- 
ing a rich spike control by temporarily shifting during 
a lean burn operation of the internal combustion en- 
gine (10) an engine air-fuel ratio to a fuel-rich ratio, 

the apparatus is characterized in 

that when the control means (40) determine 


that the NOx storing level has not been recov- 
ered, the control means (40) switch from the 
lean burn operation to a stoichiometric burn op- 
eration to reduce a partial amount of NOx 

5 stored in the storage device, and after perform- 

ing the stoichiometric burn operation, the con- 
trol means (40) perform the rich spike control 
within a pre-set period of time to reduce a re- 
maining amount of NOx stored in the storage 

w device (22). 

6. An emission control apparatus according to claim 
5, characterized in that upon performing the stoi- 
chiometric burn operation for a pre-set period of 

15 time, the control means (40) start the rich spike con- 
trol from the stoichiometric burn operation. 

7. An emission control apparatus according to claim 5 
or 6, characterized in that after the NOx storing 

20 level is recovered, the control means (40) switch 
from the rich spike control to the lean burn opera- 
tion. 

8. An emission control apparatus according to any one 
25 of claims 1 to 7, characterized in that a three-way 

catalyst (20) is provided in the exhaust passage 
(18). 

9. An emission control apparatus according to any one 
30 of claims 1 to 8, characterized in that the storage 

device (22) is a NOx storage-reduction catalyst. 

10. A method for controlling an emission of an internal 
combustion engine, characterized by 

35 

providing a storage device (22) in an exhaust 
passage (1 8) of the internal combustion engine 
(10) that stores a threshold level of NOx; 
reducing NOx stored in the storage device (22) 

40 to recover a NOx storing level of the storage 

device (22) by performing a rich spike control 
by temporarily shifting during a lean burn oper- 
ation of the internal combustion engine (1 0) an 
engine air-fuel ratio to a fuel-rich ratio; 

45 limiting an execution time of the rich spike con- 

trol; and 

performing a stoichiometric burn operation in 
which the engine air-fuel ratio is stoichiometric, 
after the limited execution time elapses. 

50 

11. A method for controlling an emission of an internal 
combustion engine, characterized by 

providing a storage device (22) in an exhaust 
55 passage (18) of the internal combustion engine 

(10) that stores a threshold level of NOx; 
reducing NOx stored in the storage device (22) 
to recover a NOx storing level of the storage 
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device (22) by performing a rich spike control 
by temporarily shifting during a lean burn oper- 
ation of the internal combustion engine (1 0) an 
engine air-fuel ratio to a fuel-rich ratio; 
switching from the lean burn operation to a sto- 5 
ichiometric burn operation to reduce a partial 
amount of NOx stored in the storage device 
(22), and after performing the stoichiometric 
burn operation, when that the NOx storing level 
has not been recovered is determined; and io 
performing the rich spike control within a pre- 
set period of time to reduce a remaining amount 
of NOx stored in the storage device (22). 
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